It is generally recognized that hog gastric mucin is capable of markedlv increasing the apparent virulence of many bacteria. Recently, it has been realized that this is due in large part to the decreased resistance of the host rather than to some virulence-enhancing property of the mucin itself. Although the viscosity of mucin evidentlv has a physically protective role toward the bacteria, other factors acting on the host are of at least equal, if not greater, importance. The work of Smith and his associates (Smith, 1950a (Smith, , b, 1951 Smith et al., 1951; 1952a, b; has identified some of these fractions as heparin, chondroitin sulfuric acid and blood group A mucoid.
Although Lambert and Richley (1952) have shown that mucin is anticomplementary in vitro and have identified the anticomplementary factor as heparin, the importance of complement to in vivo resistance is still relatively unknown. Their studies, as well as those of Engley (1954) and Engley and Scott (1954) have again demonstrated an inhibitory action by mucin on the nonspecific bactericidins of serum. Following the discovery of the properdin system (Pillemer et al., 1954) numerous reports have appeared which relate this normal serum bactericidin to properdin and it has been shown that mucin is indeed active against the properdin system both in the test tube and in the host (Pillemer et al., 1954  Pillemer and Ross, 1955; Kiser et al., 1956) . The importance of this activity in the over-all infecti-on promoting action of mucin is unknown, however.
It is well recognized that hog gastric mucin vxaries with the commercial source and even from lot to lot from a single source in its resistance lowering activity (Nungester et al., 1936; Smith, 1950a, b; Engley, 1954) . In this report it is sought to relate in vitro and in vivo antiproperdin activity to the in vivo antiresistance activity of hog gastric mucin. The phenomenon of increasing host riesistance to gram-negative bacteria following preinfection treatment with mucin has also been investigated with respect to its possible relationship to the properdin svstem.
MATERIALS AND METHODS
Hog gastric mucin. All samples (table 1) are listed by supplier and lot number; and since there are no duplicate lot numbers, the source is not used again for identification.
In early experiments, mucin samples were suspended in either water or saline, allowed to soak for several hours at room temperature, dispersed by stirring with a glass rod, and sterilized by autoclaving at 110 C and 10 pounds pressure for 10 min. After cooling, the pH was brought to 7 with N NaOH. After establishing that nonsterile mucin gave similar infectivity results (table 3) , later samples simply were suspended in pyrogen-free saline and kept at 3 C until used (not more than 24 hr).
Bacteria. Escherichia coli strain UC no. 311 was obtained from the Michigan Department of Health (MDH no. 18027) and is an infantile diarrhea producing strain of type 0111B4.
Staphylococcus aureus strain UC no. 76 was obtained from the Department of Bacteriology, Ohio State University (OSU no. 284) and, although reported by Gaines (1951) to produce coagulase in low amounts, has been consistently coagulase-negative in our hands.
All bacterial cultures were grown in brain heart infusion broth (Difco) and 9 to 18-hr old cultures at 37 C were used throughout the work.
Infectivity studies. Albino mice of the CF-1 strain, 4 to 6-weeks old, weighing 16 to 20 g, were used throughout. The great majority of the work was done with male mice, but, occasionally, females were used. Sexes were never mixed in any one experiment, however, and no differences in results could be attributed to sex. Ten mice were used for each experimental group.
Infecting bacteria were diluted in growth media and injected separately from the mucin injections except as noted. (Landy and Pillemer, 1956a) and assayed for properdin by the zymosan-hemolysis assay (Pillemer et al., 1956) . Samples from any one experiment were assayed with appropriate controls on the same day. The (Hestrin et al., 1954) , endotoxin (Landy and Pillemer, 1956a, b) , and tissue polysaccharides (Landv and Shear, 1957; Pillemer et al., 1957) , would not be tenable. (table 2) .
At 17 C, at which temperature properdin is reported to combine with zymosan but the properdin-zymosan complex does not inactivate C'3 (Pillemer et al., , 1956 , only three samples removed a detectable amount of properdin. The most active sample at this temperature (no. 680) is a relatively poor inhibitor of host resistance.
At 37 C there is, however, an apparent correlation between the in vitro antiproperdin effect and the ability of these mucins to promote infection. Certain exceptions to this general statement are obvious. One (no. 96060) is a good inhibitor of host resistance with poor in vitro antiproperdin activity while another (no. 680) has poor antihost resistance properties and yet inactivates properdin to a considerable extent.
Activity against C'3 in vitro. The ability of these mucins to inactivate the third component of complement in vitro shows no correlation with either of the other two activities tested (table 2).
In view of what has been published previouslv (Pillemer et al., , 1956 Ross, 1956 ), this is not surprising. Although it is doubtful if these anti-C'3 values would be even approximated in vivo, the results are included here because this is the next logical reaction after formation of the properdin-mucin complex.
Activity against properdin in vivo. When these mucins were given intraperitoneally to mice in amounts normally used to promote the standard infections and serum properdin levels determined at various times postinjection, there was no variation in response to the various lots. All samples readily reduced properdin levels to zero in 6 hr and normal levels were regained in 72 hr ( Effect on host resistance: mucin given prior to infection. When these mucins were given at varving intervals prior to a standard infection, all samples showed some degree of protective ability. The extent of this protection was somewhat variable from experiment to experiment, but major differences between some of the mucins were readily apparent.
Injection into mice of 0.5 mg of either no. 73482 (best in vitro anti-properdin) oIr no. 50728 (poorest in vitro anti-properdin) at 3 to 30 hr prior to infecting with E. coli showed (table 7) that significant protection does not appear for about 3 hr. However, this protection is still evident at 30 hr posttreatment. The peak of resistance is reached at approximately 18 hr postinfection.
Sample no. 73482 was consistently better in promoting resistance than was no. 50728 with the exception of the experiment at 30 hr postinjection. We do not yet know whether this latter result reflects the rather large error of this type of experiment or whether it represents a true difference in resistance promoting activity.
Since an interval of about 18 hr between treatment and infection has also proved most satis- (Landy and Pillemer, 1956a) , these and other mucins were examined at varying levels at this constant time for their ability to increase resistance.
When the amount of mucin given prior to infection was reduced to 100 mcg per mouse, the results no longer were consistent (table 8) Olitski, 1948) , it is not surprising that a simple in vitro estimate of antiproperdin activity fails to reflect accurately its over-all action on the host (Engley, 1954) . The comparison of infection promoting abilitv and in vitro anti properdin activity (at 37 C) did suggest; however, that further consideration should be given to the thesis that these two attributes might be causally related.
Complement is a cofactor in the zymosanhemolysis assay of properdin and all mucin samples tested here were of generally high anticomplementary activity. In vivo, however, complement component levels have been shown not to decrease with the decline in properdin level following injection of this type of material (Ross, 1956 ) and we turned, therefore, to determination of anti-properdin activity in the host rather than in the test tube. In addition, anticomplementary materials could be removed from the test serum by high centrifugation before assaying for properdin (Landy and Pillemer, 1956a) .
Furthermore, it is known that parenteral administration of large amounts of high molecular weight polysaccharides of varied origin, including hog gastric mucin, brings about a precipitous drop in serum properdin titers which then return to normal 1 to 4 days later. Lesser amounts of the same substances provoke proportionately lower drops in titer with earlier return to normal and, in some instances, there occurs a rebound to levels considerably above normal (Pillemer and Ross, 1955; Landy and Pillemer, 1956a, b) .
Using this technique we found that at high dosage, two mucins of widely differing capabilities in promoting infection are quite similar in depressing host properdin levels. Differential activity was demonstrated only with amounts of mucin too small to be effective in the infectionpromoting assay, and it is doubtful whether a major portion of the infection-promoting activity can be ascribed to inactivation of serum properdin. Surprisingly enough, however, the amount of these mucins required to inactivate properdin in vivo is equal to or less than the amount required for in vitro inactivation. In fact, the small amount (considerably less than that used in infectionpromoting work) of even a relatively "inactive" mucin which is capable of completely renmoving serum properdin suggests the presence of this host response in most animal experiments which use hog gastric mucin.
It has been shown that serum properdin levels before infection or even at any one time after infection dio not accurately reflect the ability of the host to resist the infection but rather that the ability to maintain properdin levels may be the critical measure (Landy and Pillemer, 1956b) . Rather than attempt to follow serum properdin levels over an extended period in animals treated with mucin, we measured the effect of small amounts of various mucin samples on the mean lethal dose of a super-imposed standard infection. The induction of early nonspecific immunity by prior injection of mucin has been reported previously (Brandis, 1954) and the present findings indicate that it resembles the response produced by the cell walls (Rowley, 1955 (Rowley, , 1956 Field et al., 1955) or the lipopolysaccharide component (Landy and Pillemer, 1956b ) of gram-negative bacteria.
Although it is evident that minor differences in resistance-promoting activity were obscured by the relatively large error of the experiments, the samples tested can nevertheless be arranged in three major groups: (a) The 
